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PATENT APPLICATION KOKAI NO. 60-171262 

Laid Open to the Public: September 4, 1985 
Patent Application No. 59-27691 
Filed: February 16, 1984 
Inventors: Katsuhide Fukui et al. 
Applicant: Daicel Chemical Industries, Ltd. 

METHOD OF MANUFACTURING INORGANIC SHEETS 

Claim: 

A method of manufacturing an inorganic sheet characterized by the 
steps of casting an aqueous slurry of fine inorganic particles or inorganic 
short fibers and a microf ibrillated cellulose as essential constituents 
over a horizontal bed and thereafter drying the cast sheet. 

Detailed Description of the Invention: 

This invention relates to a method of manufacturing sheets of fine 
inorganic particles or inorganic short fibers using a microf ibrillated 
cellulose as a binder by a casting process. 

Inorganic particles or inorganic fibers of silica, alumina, titanium 
oxide, potassium titanate and the like, when formed into sheets, have many 
possible applications thanks to the nonf lammability , heat resistance, 
chemical resistance, high modulus of rigidity, and other favorable proper- 
ties of the materials. 

Methods of forming sheets of such inorganics very small in size, 
e.g., fine particles or short fibers, include paper making, casting, and 
extrusion. Paper making technology usually achieves high productivity, but 
when the particles or fibers are particularly small in size or have smooth 
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surface, it can hardly produce sheets at a 100 % yield. Extrusion necessi- 
tates the medium of a large quantity of a thermoplastic material, and in- 
volves difficulties in producing sheets that have high inorganic contents. 
Casting, by contrast, produces sheets with high inorganic contents at an 
inorganic yield of 100 %. Moreover, it is suited for forming highly uni- 
form sheets (or films). 

Sheets of fine inorganic particles or short fibers by casting are 
usually manufactured in the following way. An aqueous solution of a mate- 
) rial capable of forming a film, e.g., a water-soluble polymer such as car- 

boxymethyl cellulose or polyvinyl alcohol, and an inorganic substance are 
mixed into a slurry, and the slurry is cast over a horizontal bed and then 
dried. The resulting sheet thus uses the water-soluble polymer as a bind- 
er. The sheet thus produced, unless its inorganic constituent is porous, 
is usually too dense in structure for impregnation purposes. In addition, 
the generally high hygroscopicity of the sheet can pose problems in some 
applications. 

Some water-soluble polymers cause much shrinkage of sheets on drying 
and produce localized internal stresses, e.g., with differences in stress 
between the central and peripheral regions, often leading to deformation 
and cracking. Substances other than water, such as organic solvents, 
usually do not give good sheets although they cost considerably, because 
inorganics generally have weak affinity for organic solvents and are not 
thoroughly dispersible in slurries. 

The present inventors previously filed a patent application (Patent 
Application Kokai No. 58-288541) for a discovery that microf ibrillated 
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cellulose (hereinafter called "MFC " for brevity) serves as an excellent 
binder and dispersant in the manufacture of sheets of fine inorganic part- 
icles by the paper making method. 

Thus the invention concerns a method of manufacturing an inorganic 
sheet characterized by the steps of casting an aqueous slurry of fine in- 
organic particles or inorganic short fibers and a microf ibrillated cellu- 
lose as essential constituents over a horizontal bed and thereafter drying 
the cast sheet. 

The MFC for use in the present invention is obtained by beating a 
cellulosic material such as pulp or linter in a viscous state in water by 
the method taught in the specification of Patent Application Kokai No. 56- 
100801. The same specification defines it as a "microf ibrous cellulose". 
An MFC is a mass of numerous fibrils not larger than several micrometers in 
diameter formed by fine division of a cellulose fiber. The fibrils vary in 
length to some extent with the type of material and the manufacturing con- 
ditions. Those obtained from wood pulp are about several hundred 
micrometers long. An MFC retains about six times more water than the 
inorganic material and, when dispersed at a cellulose solids concentration 
of 0.4 % or more in water, forms a stable aqueous suspension. Casting the 
suspension followed by drying yields a semitransparent film. 

The fine inorganic particles or inorganic short fibers useful for the 
present invention are oxides, hydroxides, sulfides, chlorides, or free 
metals of aluminum, magnesium, iron, titanium, nickel, etc. They also in- 
cludes silicon carbide, titanium carbide, silicon nitride, potassium tita- 
nate, mica, vermiculite, rockwool, glass fiber, shirasu balloon, etc. They 
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take varied forms such as needles, filaments, columns, plates, spheres, and 
amorphous forms. 

Such an inorganic material and an aqueous suspension of an MFC are 
mixed and cast over a horizontal bed and then dried, when a sheet capable 
of self shape retention is obtained. An MFC, as a binder for the inorganic 
material up to about five times its own solids content, can form a sheet. 
It is therefore suited for the manufacture of fired sheets of low organic 
contents. The use of an MFC as a binder restricts the shrinkage on drying 
) and affords sheets with favorable impregnation and processing properties. 

It is possible to add another binder to a slurry that contains fine 
inorganic particles and an MFC so as to improve the strength of the 
resulting sheet. An MFC is especially affinitive for water-soluble 
polymers, and the adoption of a water-soluble polymer as a second binder 
renders it possible to produce sheets of varied densities. 

The sheets obtained in accordance with the present invention may be 
used as base materials to be impregnated, laminate bases, fired sheets, 
etc. They can also be utilized in the manufacture of separators, speaker 
oscillation plates, printed circuit boards, condensers, planar heaters, 

» 

etc. 

The invention is illustrated by the following examples. 
Example 1 

Two parts by weight of an aluminum hydroxide {Al 2 O 3 -3H 2 0 marketed by 
Sumitomo Chemical Co. under the trade designation "C-301" ) with an average 
particle diameter of 1.0 was added to 100 parts by weight of an MFC sus- 
pension with a solids concentration of 2 %, and mixed with stirring to ob- 
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